Background: The association between asthma and swimming pool attendance has not been demonstrated and currently there are conflicting results. In order to clarify the association between asthma diagnosis in children and swimming pool attendance, and to assess the consistency of the available epidemiological studies, we completed a literature analysis on the relationship between the exposure to disinfection by-products in indoor swimming pools during childhood and asthma diagnosis. Methods: Following the Meta-analysis of Observational Studies in Epidemiology (MOOSE) and Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) criteria, a systematic review and meta-analysis was performed by searching MEDLINE via PubMed, TOXNET, and Scopus databases (from inception to 20 April 2015) using the key word "Asthma" together with "swimming pool", "disinfection by-products", "indoor air pollution" and "children". Inclusion criteria were: English language, a complete analytic study design involving a cohort of children (0-16 years), a well-defined definition of exposure, and the presence of data on effect and variance. Studies on in vivo, in vitro or professional and accidental exposure were excluded. Results: After a screening process, seven reports (n = 5851 subjects) were included out of a total of 2928 references. The reported OR of the association between swimming pool attendance and asthma prevalence ranged from 0.58 to 2.30. The present meta-analysis failed to identify a significant difference in asthma development between children attending swimming pools and controls (OR, 1.084; 95% CI: 0.89-1.31). Conclusions: Swimming in childhood does not increase the likelihood of doctor-diagnosed asthma. Based on this meta-analysis review, the association of the disease with indoor pool attendance is still unclear.
Swimming, one of the most popular, practiced and recommended aerobic physical activities, is a well-recognized exercise modality for health promotion and disease prevention. 1 Indeed, the Center for Disease Control and Prevention of Atlanta highlighted that regular practice (just 2½ h per week) of a sport such as swimming has been associated with a decrease in the risk of chronic illness and an improvement of the health quality of people affected by cardiovascular disease and diabetes. 2 It has also been reported that swimmers have approximately half the risk of death relative to inactive subjects. 3 Specific positive effects for human health related to swimming have been reported for children and adolescents, given that it helps to prevent drowning, improves emotional health and wellbeing, and promotes healthy physical balance, flexibility, strength and stamina. [4] [5] [6] World Health Organization has produced specific guidelines for the health hazards related to recreational waters, reporting risks related to drowning, injury, microbiological and chemical quality of the specific microenvironment, water and air. 7, 8 Over the years several studies have reported some adverse effects occurring after swimming, such as acute gastroenteritis (from 3 to 8% of risk of gastroenteritis) 9 and other infectious diseases, 1 or detrimental effects on dermal and respiratory health derived from the exposure to the chemicals in indoor swimming pools. 9, 10 Recent reports focused on the association between the onset of asthma and indoor swimming pool attendance, especially in children. [11] [12] [13] [14] [15] [16] [17] [18] The conceptual rationale for these studies is that biocides used to control the microbiological contamination of swimming pool water and/or the disinfection by-products generated by these treatments are well-known irritants. A relationship between exposure to these products and respiratory adverse health end-points in adult swimmers, such as bronchial hyperresponsiveness or bronchial epithelial damage, has been identified in several studies. 19, 20 Some studies evaluated the respiratory hazards connected with the exposure to disinfection by-products in pool environments among children, focusing on allergic diseases and asthma. A review of this issue showed that chlorinated pool attendance during childhood could be a risk factor for asthma and other allergic diseases. 21 Another review on the association between childhood swimming and new-onset asthma showed that the increase in new cases of asthma due to exposure to biocides and their by-products was "suggestive but not conclusive".
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Further studies did not help to clarify this hypothesis. Belgian researchers found that asthma in children was associated with exposure to the irritant environment in indoor disinfected swimming pools; 14, 15 other European studies with larger population-based sample sizes, with a longitudinal design or a more detailed semi-quantitative exposure assessment, did not replicate this association. 16, 17 In contrast, given that swimming is less asthmogenic than other land-based activities, it is well known that this sport is practiced by atopic children and adults, or by subjects with asthma. 22 This benefit can be reduced by the respiratory hazards related to the exposure to disinfection by-products; the most recent findings emphasized the need for a more detailed investigation, focusing the attention on childhood. 23 In order to clarify the association between asthma diagnosis in children and swimming pool attendance, and to assess the consistency of available epidemiological studies, we performed a systematic review and meta-analysis.
Methods
The Meta-analysis of Observational Studies in Epidemiology (MOOSE) and the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) criteria were followed to assess the studies.
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Search strategy
The search strategy was developed according to the knowledge of the authors and the findings of previous reviews or original articles on regular indoor swimming pool attendance and asthma. 18 Relevant literature on exposure to disinfection by-products present in indoor swimming pools and asthma during childhood was collected through a systematic search of the following electronic databases (from inception to 20 April 2015): MEDLINE via PubMed, TOXNET, and Scopus. The combination of the key word "asthma" with any of the following terms was used for the search in the aforementioned databases: "swimming pool", "disinfection by-product", "indoor air pollution" and "children". The references of each article were examined in order to achieve additional relevant citations.
Eligibility criteria and study selection
Several inclusion criteria were considered to identify the eligible studies for this meta-analysis. Each included study: (i) was written in English; (ii) had a complete analytic study design with an appropriate control group; (iii) had similar outcomes of interest with other studies included in the meta-analysis (e.g. asthma diagnosis, pulmonary function tests or measures of asthma severity); (iv) had a well-defined definition of exposure as swimming or swimming pool use, and used welldefined methods for exposure evaluation (including personal monitoring, use of questionnaire designed on the basis of the International Study of Asthma and Allergies in Childhood and/or estimation from environmental levels); (v) measured the effect and variance (or they could be calculated using data reported in the original articles); (vi) involved a cohort of children and pre-adolescents aged 0-16 years; and (vii) showed the results related to asthma, defined as physician-diagnosed asthma. 26 Studies considering in vivo, in vitro or professional and accidental exposure were excluded because the aim of this review was to evaluate only the possible adverse effects of swimming pool attendance on asthma and health in children. Case reports, studies without a control group, studies with incomplete design (e.g. ecological studies) and studies that evaluated workers and professional swimmers were also excluded.
Study selection was carried out using the following multistep exclusion process: two reviewers independently investigated the titles and the abstracts; then, the full text of any potentially includable study (when it seemed to meet the inclusion criteria or when the title and the abstract did not present sufficient data for a clear decision) was obtained. The authors of the studies for which it was not possible to find the full text were contacted directly. During this multi-step exclusion process, reviewer consensus was reached via discussion.
The methods used for the electronic search strategy and the PUBMED full electronic search strategy are described in the Supporting Information.
Study quality and evaluation
The study quality was assessed using the criteria listed in Table 1 . In brief, the bias assessment tool was based on the risk of different types of bias, including study design, sample selection, outcomes and exposure evaluation, adequate adjustment for confounders, analytical issues, and attrition bias. Each criterion was classified assigning a score from 0 to 2. This score was used to assess the quality and the selection criteria of each study, in line with previous meta-analysis. 18 All of the selected studies were summarized according to the year of publication, study design, outcomes, exposure assessment, and results.
Statistical analysis
Statistical elaboration and meta-analysis were performed using Comprehensive Meta Analysis 3.0 (Biostat, Englewood, NJ, USA). Meta-analysis was conducted to compare two groups according to the level of exposure to disinfection by-products, based on the intensity of the swimming practice (e.g. cumulative pool attendance [CPA] ≤ or >100 h; swimming pool attendance < or ≥1/week; swimming vs non-pool activities).
The two groups were coded respectively as "low exposure" and "high exposure". The outcome variables selected for the meta-analysis were "doctor-diagnosed asthma" or "doctordiagnosed ever asthma".
The OR and 95% CI were extracted for each study. OR >1 with 95% CI that did not span the null value indicated that swimming pool attendance was associated with a significant increase in the likelihood of doctor-diagnosed asthma. When study data were presented in alternative formats (e.g. discontinuous data, P-value comparisons with group sizes, or as correlations), appropriate transformations were conducted. OR for asthma were combined across the included studies by using the Der Simonian and Laird random effects method, 27 with heterogeneity among studies assessed using the Cochrane Q and I 2 statistic. 28, 29 The I 2 statistic is a measure of the percentage of variability in the effect estimate that is due to heterogeneity rather than to chance. The thresholds used for the interpretation of I 2 were as follows: <25%, low heterogeneity; <50%, moderate heterogeneity; and >75%, high heterogeneity. 28 
Results
Selection process and study quality evaluation Figure 1 shows the steps of the study selection process. After the review of titles and abstracts, 2366 articles were excluded. The main reasons for removal were: experimental or occupational study design; format (reviews or book chapters); and use of other matrices (water, soil etc.) rather than air. In total, the full texts of 22 epidemiologic studies on the association between asthma and swimming pool attendance during childhood were revised. The quality score obtained after review of the full text evaluation is summarized in Table 2 . Ten papers were excluded from meta-analysis because they had a cross-sectional study design and/or the methodology of exposure assessment was based only on self-reports. 12, 15, 16, [30] [31] [32] [33] [34] [35] [36] Two studies were excluded because they had an incomplete study design 37 or lacked relevant quantifiable measures of association. 38 The quality of the articles was evaluated using the bias assessment tool, and one study was excluded because it had a high risk of bias in more than three domains (exposure assessment, outcome ascertainment and adjustment for extraneous factors). 39 Another article was removed because it was more focused on bronchiolitis and on wheezing associated with human rhinovirus species. 40 The last excluded article was considered unfit for meta-analysis because it was focused on 0 (Cross-sectional study) 1 (>50% participation rate) 0 (Self-report) 0 (Self-report) 1 (Some adjustment)
CC16, Clara cell protein; EIB, exercise-induced bronchoconstriction; eNO, exhaled nitric oxide; FEV 1 , forced expiratory volume in 1 s; FVC, forced vital capacity; IgE, immunoglobulin E; NO, nitric oxide; NNO, nasal nitric oxide; PEF, peak expiratory flow; PNIF, peak nasal inspiratory flow; SP-D, surfactant-associated protein D; THM, trihalomethanes; TNO, exhaled tidal nitric oxide. the effect of exposure to trihalomethanes during pregnancy and it was not possible to compare its results with those of the other included articles. 41 Finally, seven papers were included in the meta-analysis.
Descriptive analysis
The main characteristics observed in each study included in the meta-analysis were outcomes and exposure assessment, potential confounders, and the principal results. All of the included studies were recent (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , and they were conducted in several countries: six were carried out in Europe (two studies in Germany, two in Belgium, and one each in Spain and Sweden, respectively), and one in Canada. Only two studies achieved a participation rate >80%; 42, 43 three studies had a rate between 50 and 80%; [44] [45] [46] and two studies had a rate <50%. 47, 48 Outcomes assessment was performed in all the reviewed studies via questionnaire, reporting the main symptoms as wheezing, asthma, eczema, hay fever and the use of medications. Six questionnaires included questions based on the International Study of Asthma and Allergies in Children validated questionnaire. 49 Some studies also reported laboratory results. The parameters used included forced expiratory volume in 1 s, forced vital capacity and forced mid-expiratory flow, 44 exercise-induced bronchoconstriction, 48 amount of nitride oxide in exhaled breath, serum Clara cell protein, surfactant-associated protein D and some markers of deep lung epithelium integrity, 48 and screening for respiratory allergies, such as specific immunoglobulin and skin prick test. 47 Exposure assessment was performed differently in each study, and mainly involved calculation of swimming pool attendance or CPA. 48 In some cases, swimming pool attendance was also correlated with some environmental parameters, such as the levels of active and combined chloride in water and concentration of trichloramine in indoor pool air. 48 In all studies, some potential confounders were considered. Main confounders were sociodemographic characteristics, parental education, and environmental tobacco smoke exposure, parental history of asthma, current residence area and contact with domestic animals.
The principal characteristics (outcome groups, exposure groups and OR) of each study included in the meta-analysis are synthesized in Table 3 . Six studies evaluated the prevalence of asthma and allergic symptoms at different periods during early childhood, [43] [44] [45] [46] [47] [48] and one study examined the prevalence of asthma in adults comparing those who attended or did not attend swimming pools during school age. 42 The reported OR of the association between swimming pool attendance and asthma prevalence ranged from 0.58 to 2.30. In three of the included studies, swimming frequency did not increase the risk of any evaluated symptom, either overall or wheeze, sensitization, rhinitis or eczema.
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Meta-analysis
The independent study effects are presented in the forest plot (Fig. 2) . A total of 5851 subjects were included in the analysis (3265 children in the exposure group and 2586 children in the control group). The combined effect expressed as OR for asthma in all studies included in the analysis was equal to 1.08 (95% CI: 0.898-1.307; P = 0.4). The effects of the individual studies presented a moderate level of heterogeneity (Q = 12.571, d.f. = 6, P = 0.050, I 2 = 52.271%), which is supported by the significance of Q. The weight studies used various severity measures of exposure and outcome ascertainment. The contour enhanced funnel plot did not appear to be asymmetrical, except for two small positive studies (Fig. 3) , and Egger's regression method confirmed the lack of association between log(e) OR and standard error of log(e) OR.
Discussion
The association between asthma and swimming pool attendance during childhood has not been demonstrated and, in recent years, the results have been conflicting. [12] [13] [14] In order to study this association in depth, we performed a systematic review and meta-analysis. Combining univariate findings from seven independent studies, swimming pool attendance in childhood was not significantly associated with an increase in the rate of asthma diagnosis during childhood or later; the present results are in agreement with those reported by Goodman and Hays. 18 In the present study, the studies that reported a positive association between asthma and exposure to the irritant environment in indoor chlorinated disinfected swimming pools were based especially on self-report, 47 or did not have larger population-based sample sizes, and did not adopt a longitudinal design or a more detailed semi-quantitative exposure assessment. The recruitment of an appropriate subject group and adequate evaluation of the selection criteria and confounding factors are very significant variables in the minimization of bias. 50 In addition, the present analysis has shown conflicting results in the association between infant swimming attendance and physician-diagnosed asthma. Swimming pool attendance in childhood seems to be protective for asthma (OR, 0.76, 0.58), 42, 44 but one study reported a strong positive association (OR, 2.3). 48 The results of the meta-regression might partly explain this heterogeneity. The Bernard et al. study involved a small sample size of children with a cumulative exposure to cigarette smoke. 48 This might partly explain the observed differences, and suggests that the sum of infant swimming activity and passive smoking could increase the risk of asthma.
Moreover, more attention should probably be given to studies on the association between swimming and asthma occurrence in the general population (both children and adults) given that, traditionally, is already known a link between swimmers professions and respiratory syndromes. 18, 46 Indeed, several epidemiological studies have been published on respiratory irritation induced by swimming, but they were focused on professional athletes and workers. 51, 52 Elite swimmers are not necessarily the most exposed group in swimming pools: also lifeguards and others workers who spend many hours a day near the water, were checked for health status. 51 In contrast, few epidemiological studies have been carried out on this topic for recreational bathers, but they reported an independent association and emphasized that the conditions of disinfection and exposure times can, however, affect the association. 53, 54 Moreover, recent studies are providing further evidence that children with asthma may even benefit from swimming training. 55, 56 The studies included in the meta-analysis were all European except one (Canadian), suggesting that in Europe there is a high level of attention on this issue. This is probably due to the fact that the International Study of Asthma and Allergies in Childhood, a unique worldwide epidemiological research program established in 1991, was formed as the result of an initiative between New Zealand and Germany. 16 This review has several strengths. First, we conducted an extensive search in key electronic databases. Data extraction was conducted by two independent researchers; findings were then compared to ensure the reliability of the results. Moreover, the studies were rated using a quality scoring system, which categorized the selected studies according to the number of weak characteristics within each paper. The main advantage of this approach was the use of sensitivity analysis to investigate the impact of quality on the observed effects related to the studied association. In contrast, one limitation was the very small number of included papers, leading to low statistical power. As in previous reviews, the present review focused on peer-reviewed published data, rather than including gray literature. While this ensures that a focused, and therefore manageable, number of studies is reviewed, it does make the review vulnerable to publication bias. And there may be publication bias, given that studies with positive findings are more likely to be published than studies with null results.
Finally, it is possible that if other statistical methods such as fixed models were used, a significant difference may have been found, although the present method was used due to the heterogeneity of the included studies.
In conclusion, swimming pool attendance in childhood does not increase the rate of doctor-diagnosed childhood asthma, and any association was insubstantial after meta-analysis revision. Swimming can be a safe sport for children, when environmental hygiene conditions are respected.
